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Abstract

The electric utility industry in the United States is being restructured and is now evolving from a
regulated monopoly to a partially competitive, partially regulated group of electricity providers.
This report outlines a wide range of innovative ways in which energy storage could be advanta-
geously used in all aspects of this electric supply system of the future, including customer-sited
storage. Nine scenarios that consider the use of storage in the restructured utility industry are
described. From these scenarios, four themes for guiding the economic and technical application
of energy storage are presented.
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EXECUTIVE SUMMARY

Executive Summary

The electric utility industry in the United States is being
restructured and is evolving from a regulated monopoly
to a partially competitive, partially regulated group of
electricity providers. The public’s expectation of
plentiful, high quality, and low cost electricity for all
consumers has not changed and, if anything, will grow
in the coming years. Generation, transmission, distri-
bution, and use of electricity will be performed in a
great variety of new and evolving ways through the
implementation of creative regulatory frameworks,
financial instruments, and technologies. One technol-
ogy that could have tremendous impact is energy
storage.

This report outlines a wide range of innovative ways in
which storage could be advantageously used in all
aspects of the electric supply system of the future,
including customer-sited storage. It discusses ways to
expand the envelope of possible storage applications
and suggests creative uses for storage. It also presents
many possibilities for communicating the value and
flexibility of storage.

The report begins with a summary of the assumptions
made for the study. These assumptions include con-
tinuing state-by-state restructuring with federal restruc-
turing directives lagging behind the states. Generation
will be a competitive industry, but transmission and
distribution will be regulated using performance based
rate-making techniques. While overall electricity rates
are assumed to decrease, inequities will exist from state
to state and between different classes of customers.
Technologies for energy storage will continue to
improve, but no dramatic breakthroughs will occur.

This report also describes a series of scenarios that
consider the use of storage in the restructured industry.
These scenarios are:

Core (business as usual with steady evolution),
Very inexpensive and efficient storage,
Environmental emergency,

Fluctuating electricity price,

Demanding customer,

Storage packaging breakthrough,

Gas and electric industry convergence,

Energy security, and

Extreme deregulation and competition.

W oo AW =

The following common themes were determined from
an assessment of the scenarios:

1. Storage is more likely to be installed at customer
sites than coupled to central power plants.

2. An increased interest in environmental issues
would accelerate storage technology market entry
in many ways; the expanded use of storage is com-
pletely consistent with cleaner energy systems.

3. Packaging, ease of use, low initial cost, and high
reliability (rather than efficiency and energy den-
sity) are the key technology factors in several major
market opportunities.

4. Regulatory structures that allow more freedom to
solve problems with innovative approaches would
be more likely to lead to increased uses of storage.

The implications of each of these themes to electricity
providers as well as storage system suppliers and
research organizations are also presented.

ES-1
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INTRODUCTION

1. Introduction

The title of this report is deceptively simple, as is the
topic of electrical energy storage itself. On the surface,
storage of electricity is as straightforward as batteries in
a car: take a little out when you need it, and recharge it
as is convenient. But those familiar with the topic know
that storage is one of the most complex and challenging
issues in the energy business and that very inexpensive
and efficient storage would be the first wish of almost
any engineer. This report attempts to develop a broad-
ranging vision of the energy systems of the future in
which storage technologies may have new applications.

This is an ideal time to consider the profound implica-
tions of storage on the future of the electric supply
system. The results of electric industry restructuring
will surely change the rules by which “utilities” (what-
ever that term may mean in the future) will operate and
will open the doors of competition to many new busi-
nesses and may encourage innovative applications for
storage technologies. As regulators consider the way
the electric business should be redefined, having a
vision for how emerging storage technologies fit in will
amplify the opportunities for those technologies.

This report outlines a wide range of innovative ways in
which storage could be used in the electric supply
systems of the future, including customer-sited storage.
This report discusses ways to expand the envelope of
possible storage applications and suggests creative uses
for storage that could dramatically impact the way that
energy is produced, delivered, and consumed. This
report discusses the many possibilities for future uses of
storage or communicating the value and flexibility of

storage to those who may not be fully aware of its
potential.

This report begins with the assumptions and a general
discussion of the full range of uses, benefits, and
applications of storage for a likely “Core Scenario” for
electric utility industry restructuring, while assuming
modest improvements in storage technology capabilities
and costs. This scenario covers the leading approaches
by states to regulation and the emerging competitive
electric utility industry.

Additionally, eight “stretch scenarios” (uses for storage
beyond those normally expected) with dramatically
different (yet plausible) sets of assumptions for utility
regulations and/or storage technology capabilities are
defined. These “alternative worlds” are chosen to
expand the boundaries of utility, customer, and storage
parameters in order to illustrate

o Innovative uses of storage and

e Emerging utility trends to be followed closely by
storage researchers wanting to stay “ahead of the
curve.”

The implications of each scenario for storage technol-
ogy market opportunities are explored in some detail.

In the final section, the implications of the stretch
scenarios are synthesized into some innovative sugges-
tions for potentially profitable storage technology
research directions for a competitive electric utility
industry.

1-1
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CORE SCENARIO ASSUMPTIONS

2. Core Scenario Assumptions

Scenarios describing the uses of storage in a restruc-
tured utility industry cannot easily be defined without
stating what baseline assumptions underlie them all.
This set of assumptions, fairly conservative it is hoped,
is called the Core Scenario representing the “business-
as-usual” utility and customer situations that are most
likely to occur, independent of storage technology
breakthroughs or other unexpected events.

Electric utility industry restructuring in the Core Sce-
nario is defined by the following parameters:

e Electric utility industry restructuring continues state
by state, but only a few states will settle into a fully
restructured system before 2003.

e Performance based rate making (PBR) for the
regulated wires utilities is more the norm than the
exception. (A wires company is a local electric
distribution company whose only role is to provide
reliable delivery of electricity through its wires,
substations, transformers, etc.) PBR is a leading
regulatory mechanism that involves setting targets
for system reliability levels and allowing utilities
more freedom in how they achieve those levels and
invest their wires dollars.

e Federal restructuring lags behind rather than leads
state actions because the diverse approaches taken
by the leading states toward electric industry re-
structuring are confusing.

e Open transmission access exists with an open
market for ancillary services.

e Generation is a merchant function, separated from
the wires businesses of utilities.

e These regulated wires businesses are still part of
large holding companies and are allowed to do only
limited transactions with their affiliates.

o The industry has increased awareness of marginal
costs necessary {o serve groups of customers or
more expensive locations.

e Many holding companies form energy service
companies (ESCOs) on their unregulated sides.

e Competitive forces are more important than they
were in the past.

e More mergers occur between electric utility com-
panies.

e  More convergence of the electricity industry with
the gas industry occurs.

Electricity rates drop on the average, but “inequities”
abound:

e Average utility rates decline somewhat as competi-
tion squeezes out some profits; rates drop fastest
for industrial customers, and transition charges are
pervasive.

o A few states see very little in the way of rate
reductions since they are now exporting much of
their cheap electricity to higher-value locations in
neighboring states.

s  More electric price volatility now exists than in the
past; summer peak electric shortages and the finan-
cial hedging of competitive wholesale electricity
markets cause substantial price peaks to those
buying on the spot market.

¢ Minimal load growth continues.

e Reliability remains largely unchanged, but some
areas have poorer service, and rare widespread out-
ages continue to occur.

e ESCOs emerge as broad energy service organiza-
tions that serve many customer sectors.

Technologies continue to improve, but no dramatic
changes occur:

e Viable, proven storage technologies (similar to
those now available or in development) continue to
come into the market with somewhat lower costs
and improved performance.

e There is a slow trend toward the addition of dis-
tributed resources into the grid.

e Several gigawatts of customer-sited standby gen-
erators are activated and aggregated into fleets of
virtual power plants used during critical peak pen-
ods for tens to hundreds of hours per year.

2-1
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Large combined-cycle gas-fired power plants
dominate new central-generation additions.

Natural gas remains inexpensive and available, and
is the fuel of choice for new power plants.

Renewable energy resources continue to expand
into the marketplace, but only very slowly and by
exception through modest green pricing and renew-
able portfolio standards programs.

Many technologies compete with energy storage to
solve electricity supply problems.

2-2

External factors continue to only slightly impact energy
decisions:

¢ No environmental crisis or national energy impera-
tive occurs.

¢ Customers are becoming a bit more aware of their
power as consumers and the need for their utility to
be more responsive and flexible.

e  Customers become more sensitive to poor power
quality, while contributing more distortions to the
sine wave through low-quality ballasts and adjust-
able-speed drives.
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CORE SCENARIO STORAGE OPPORTUNITIES

3. Core Scenario Storage Opportunities

Under the Core Scenario, energy storage has the same
opportunities the industry has been pursuing in recent
years.

Bulk Generation

For bulk generation applications, storage is used for
seasonal demand matching where inexpensive hydro-
electric generation is available or, potentially, where
good compressed air energy storage (CAES) geologies
are nearby. If high-energy-capacity super conducting
energy storage (SMES) becomes practical and cost-
effective, it plays into this same market. Very little large
storage will be built to use as a physical hedge against
the price volatility in the Core Scenario, because of the
technology’s high price and efficiency penalties.

Storage is also used to smooth the output of intermittent
renewables, but this market is very modest because
renewables themselves are not entering the market
quickly in an absolute sense, and project developers
frequently do not desire the complication, efficiency
losses, and added capital costs of storage.

Transmission and Distribution
System Storage Applications and
Markets

Under the Core Scenario, storage systems will likely
have an expanded role in the wires systems of the
future. Because storage has higher value if added at the
lower voltages of the distribution system (primarily
because low-voltage sources can solve both transmis-
ston and distribution problems simultaneously, but also
because transmission costs per unit are much lower than
distribution capital costs), those distribution applica-
tions will be more prevalent than transmission-system
locations.

Battery systems and, potentially, SMES systems could
be placed in the transmission system as a way to stabi-
lize imbalances or assist in power export controls.
Perhaps some large storage systems could be placed at
the high-voltage locations for energy hedging or to
serve other merchant functions (such as provision of
ancillary services) in transmission systems.

All of the modular storage technologies have the poten-
tial for inclusion in the distribution systems of the
future, given favorable economics and storage hardware
field experiences. Applications such as local load
smoothing, peak clipping, reliability enhancements,
power quality solutions, and many others seem very
reachable with modest technology improvements and
careful matching of local application needs with the size
and duration of the storage system.

Customer-Sited and Consumer
Storage Products

At customer sites, the potential applications for storage
are virtually unlimited. Very small storage components
are, of course, already present in many consumer
products too numerous to list, but more applications
will continue to be found to be cost-effective and
valuable to customers. Even with no changes in storage
technologies, one can envision more storage-powered
tools for residential users, and more embedded power
sources in industrial processes where nearly flawless
reliability is becoming more important and elusive. As
another example, commercial customers may add
uninterruptible power supplies (UPSs) to systems other
than computers and servers.

A few large customers may use substantial storage
systems to help them clip their peaks, firm up reliability
of large facilities, enhance service for individual critical
loads on site, improve their power quality, manage their
demand charges, etc. The size of these markets will
depend on many factors, such as the type of restructur-
ing in each state, details of the rate structures, local
power quality concerns, and the reliability of utility
service, not to mention the cost and performance of the
storage technologies.

Combined Benefits Applications

The most interesting type of market entry in the Core
Scenario may be the gathering of multiple benefits from
storage systems installed at lower voltages (i.e., on the
distribution system or at customer sites). While the
individual benefits of installing storage at generation,
transmission and distribution, and customer locations
may be substantial, dispatching storage for two or more
of these benefits may be more cost-effective.

3-1
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For example, a peak-clipping storage system at a
customer site could, on three different days within a
month, do the following:

e Help manage the owner’s demand charge by
keeping the customer’s load below some maximum
ratchet point for as little as 15 minutes,

e Smooth a local distribution system-load profile for
an hour, or

e Be dispatched for emergency central station supply
needs at $10/kWh for two hours.

It may even be possible to earn all three benefits in a
single 2-hour period if the problems happen to be
coincident and the storage system is sized appropriately.

To pursue such opportunities for joint benefit optimiza-
tion, utilities and customers must be able to contract
with one another, sharing risks and rewards, and the
distributed technologies must be proven to be safe,

reliable, and cost-effective. Storage faces the added
constraint that it is not arbitrarily dispatchable and has a
finite duration of capacity.

Core Scenario Summary

Using a simple business-as-usual approach to defining
the Core Scenario, we have described a broad array of
storage applications throughout the utility and customer
systems.

Although not exhaustive, this brief and conservative
preview of the potential market applications for storage
sets the stage for more innovative thinking under other
less-likely scenarios. The Core Scenario has many
opportunities for storage, but none of them is revolu-
tionary or appears to be ready for explosive market
growth.

The following sections describe more speculative but
higher-payoff scenarios for storage.

3-2
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STORAGE OPPORTUNITIES IN THE
“STRETCH” SCENARIOS

4. Storage Opportunities in the “Stretch” Scenarios

A wide range of possible alternative situations is
described in these scenarios. Some of the scenarios are
defined by storage technology progress, while others are
caused by external forces (for example, environmental
trends and responses). [Each of these scenarios is
defined as it might impact storage, and the likely roles
and market trends for storage are predicted.

Very Inexpensive and Efficient
Storage Scenario

In this scenario, storage is virtually free and nearly
100% efficient.

If energy storage systems were free and 100% efficient,
they would be used throughout the electric system in
three ways, all of which would ultimately reduce the
cost of electric service

e To level loads throughout the system, from genera-
tion to end use.

e To enable the use of renewable and other nondis-
patchable resources.

s To condition power, preventing disruptions from
reaching customers.

Load Leveling

A major application for energy storage is to level loads
throughout the electric system. This includes genera-
tion, transmission, substations, distribution, and cus-
tomer end use. (See Figure 4-1.)

The result would be that all generation would run at
constant rating all day and night with the amount of
storage sized to meet the varying load demand (includ-
ing seasonal). This would result in minimum generation
capacity, and minimum cost of electricity ($/kWh).

Some of the storage could be placed along the transmis-
sion system to provide stabilization, voltage and volt-
amp reactive control, and to increase utilization of the
transmission system. Such systems would require only
small amounts of storage, with fast dynamic or transient
control.

POWER CONTROL DEMAND
VAY -
POWER PLANTS SUBSTATION
1 METER
TRANSMISSION ! DISTRIBUTION
- | 3% g -
CUSTOMERS
A 4 ‘ A
als 4k als als als
!
STORAGE STORAGE STORAGE STORAGE STORAGE
i
1
ELECTRIC SUPPLY E DISTRIBUTION
)
]

Figure 4-1. Energy Storage Used for Load Leveling Within the Electric System.
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Alternatively, storage could be located at the distribu-
tion end of the transmission system to buffer transmis-
sion lines from variations in load. This would result in
minimum transmission capacity. Oversizing would be
prevented, and minimum transmission system cost
would rtesult. Transient and frequency instabilities
would also be avoided.

Storage could be incorporated into substations to ensure
stable operating conditions and power flow control.
Storage could also be integrated into the distribution
system to provide peak shaving and to optimize power
flow among feeders, thus reducing all distribution
system costs (wire, substation, transformers, operating
and maintenance [O&M], land, etc.). The result would
be a minimum-cost distribution system. In an ideal
system, the need for distributed generation decreases as
the use of storage increases.

Storage could also be placed at the customer end to
level peaks, absorb transients, and provide continuous
service. Storage would also reduce electric bills where
customers pay for peak usage in addition to energy
usage.

The amount of storage (MWh installed) and its opti-
mum placement within the system to give an overall
minimum cost could be directly calculated, if detailed
local and regional load profiles were known.

To examine the optimum placement of storage, consider
the scenarios in Figures 4-2(a) through 4-2(d). Figure
4-2(a) shows load profiles throughout the system with
no storage in place. Note that the customer load pro-
files vary, but the aggregate or integrated load is gener-
ally double-peaked. This profile flows through the
distribution and transmission systems and must be met
by the generation system.

In Figure 4-2(b), storage is located at the system gen-
eration and levels the load so that constant generator
output power is achieved. This minimizes generation
costs, and increases the reliability of the generation
system.

In Figure 4-2(c), storage is located at the distribution
side of the transmission system, resulting in constant
load on the transmission lines and, just as important, the
substation equipment. This also minimizes transmission
cost. The storage component would be sized to level

the integrated load from all connected customers.
Following this scenario’s logic, if storage were very
inexpensive and efficient, storage should be moved to
the customer sites to level each individual load, thus
leveling the load on the distribution system. Constant
power flow through the distribution system would result
in a minimum-cost distribution system. In principle,
this is the overall minimum-cost system since the
storage is free and the rest of the system runs always at
constant power, i.e., with no oversizing.

Several consequences of locating all the storage at the
customer locations are that

e  All customers will need space for adequate storage
to level their daily and seasonal loads.

e  The total amount of storage installed will be greater
than in the other scenarios, because in the other
cases (Figure 4-2(b) and 4-2(c)), there is some
averaging over time-varying loads (for example,
some customers experience peak load during the
daytime work hours, others during the morning and
evening).

 The maintenance of multiple small-storage units
may be more work than maintaining larger, cen-
trally located units. If not an economic issue, this
could be a logistical one.

Thus the optimum mix would probably incorporate
storage primarily at the distribution level.

Since the storage is virtually free and 100% efficient,
the type of storage selected would be determined by
other features. These considerations would include
power and storage ratings available, footprint (the floor
area required), and any operating or siting constraints.
Operating constraints include handling of hazardous
materials (batteries), environmental impacts (SMES), or
safety concerns (flywheels). Most of these are elimi-
nated, however, if cost is no object. For example,
toroidal SMES configurations have no external mag-
netic field to worry about, but are generally more
expensive than solenoid configurations.

Siting constraints are more obvious, such as the need
for elevation change in pumped hydro or suitable
underground reservoirs for CAES. Footprints also vary
widely among the technologies.

4.2
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Figure 4-2(a). Power Profiles with No Storage in the System.
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Figure 4-2(b). Storage Installed in Conjunction with the Generation.
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Figure 4-2(c). Storage Installed to Buffer a Transmission Line.
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Figure 4-2(d). Storage Sited at Each Customer Location.
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Enabling Renewables and Other
Nondispatchable Resources

Free, efficient energy storage is a perfect companion to
intermittent renewable resources.  Storage systems
could be matched with photovoltaics, solar central
receivers, wind and hydro, to meet local or regional
loads with minimum generating capacity. Some storage
might be located at the generation site and some at the
load. The optimal location would be selected so that
transmission equipment could be sized for as steady a
load as possible.

Many types of storage can be matched with renewables
if the response time is appropriate and the power
interface is designed to match fluctuating conditions.
This could eliminate pumped hydro and CAES, which
have slower response times than batteries, SMES
systems, capacitors, and flywheels. The remaining
selection would then be based in ratings, footprint, and
other constraints, as noted previously.

Cogeneration, similar to renewables, has an unpredict-
able supply profile. Cogeneration facilities are designed
primarily for thermal processes, and electricity is a
by-product. If either thermal and/or electric forms of
energy storage were included within a cogeneration
system, the operation could be optimized around the
thermal requirements. Then electricity would be
generated and used as needed, with power flow con-
trolled through the storage system. The excess electric-
ity is a nondispatchable resource. It could also be
matched with energy storage for optimal use on the
electric system to which it is connected. Free storage
would be a particular advantage with cogeneration
because the ultimate size of the resource is harder to
estimate than for renewables, which can be statistically
modeled. Storage associated with cogeneration would
be best oversized, to capture large electric output
events; if the storage were free, no economic penalties
would result.

Power Conditioning and Power Quality

Energy storage has another ideal application in ensuring
reliable, high-quality power for customers. Some end
users are particularly sensitive to outages or variations
in power-flow characteristics. Energy storage systems
can provide a buffer for these disruptions so that cus-
tomers’ loads are isolated from them.

In this application, depending on the source of the
disturbance, storage can be located at the following
places:

e At customer sites,
e Within the distribution system at key locations, or
e At the transmission level, if necessary.

The major feature of a power-quality energy storage
system is in the design of the power-electronics inter-
face, which must provide rapid response and match the
changing voltage and current characteristics of the
system as it charges and discharges.

The selection of one storage technology over another
would depend most on available sizes (to meet the
power rating required) and any operating conditions or
limitations that the technology imposes.

Among the characteristics to consider are footprint
(especially if a system is to be located at a customer
site), lifetime (only to avoid the inconvenience of
replacement, since in this case the system is free), and
any environmental or safety concerns.

The additional MWh installed of energy-storage tech-
nologies could be calculated if power-quality data for
points throughout the national electric grid were avail-
able. If free and efficient energy storage were available
(including the power electronics), utilities might spend
less money and effort on other power-quality mitigation,
such as lightning arrestors or voltage regulation.

Environmental Emergency
Scenario

In this scenario, global warming or some other circum-
stance forces utilities and customers to rethink the way
they make and use electricity. Clean air issues (local air
pollution) are best addressed by moving to cleaner or
more remote energy production. Global warming is
probably caused by CO; emissions; remediation will
require primarily the use of fewer carbon-based fuels.
Taken together, energy storage could be used in the
following ways to address such an environmental
imperative:

e To reduce emissions at the generation point by
— Operation of the plants at optimal environ-

mental settings. Energy storage used within
the electric system generally lowers the overall
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need for peak-generating capacity. This allows
central generating plants to operate at a stead-
ler level, reducing emissions from nonoptimal
operation. Older peaking units with dirtier
emissions would be retired.

— Improving overall system efficiency. Energy
storage, if optimally placed, can also improve
the overall efficiency of the electric system,
such as reducing transmission-line losses, thus
reducing the overall demand and accompany-
ing emissions.

— Changing generators to cleaner sources. 1If
energy storage is used to enhance transmission
and distribution capability by strategic place-
ment, then generation can take place at loca-
tions where cleaner fuels are available. Power
will flow to where it is needed. An overall
reduction in emissions can be achieved.

To enable the use of renewable resources and thus
reduce the contribution of fossil-fuel generation to
pollutant emissions. Because of the intermittent
nature of renewable resources, storage is a valuable
enabling companion.

To smooth the output from cogeneration facilities
and make efficient use of that resource within the
overall system.

To reduce emissions from distributed generation by
coupling with storage. Distributed generation is a
growing component of the electric-system mix. It
bolsters distribution systems and improves reliabil-
ity and power quality for large customers. Also,
storage is an ideal companion for these technolo-
gies so that they can run at optimal settings for
minimum emissions production.  Alternatively,
distributed generation itself may be eliminated if
optimal distributed storage is used.

To reduce industrial emissions by improving
process operations and by making the transition
from combustion-based technologies to electro-
technologies. Many industrial and agricultural pro-
cesses require thermal steps that have traditionally
relied on combustion-based techniques. In recent
years, a trend has begun to make the transition from
these processes to electricity-driven technologies.
Some examples are metals-forming, paint-drying,
grain-drying and induction-sterilization. Although
the impetus for utilities to encourage this transition
has often been to increase electric load, the result is

also a quantifiable reduction in emissions compared
to combustion-based processes.

To reduce emissions from electric generation used
for heating and cooling by using thermal energy
storage. A significant fraction of all electric
demand is to heat and cool living spaces. This
demand could be reduced by using thermal energy
storage coupled with technologies such as heat
pumps. The reduced demand would lead directly
to reduced fossil-fuel pollutants. Many industrial
and even utility processes could also benefit from
thermal energy storage, either hot or cold.

To reduce vehicle emissions by greater use of

~  Electric vehicles (storage onboard, usually
batteries, flywheels or capacitors). Vehicle
emissions contribute a large fraction of the
pollutants that cause local air pollution and
global warming. In this arena, energy storage
plays a big role. Electric vehicles, which
inherently operate from energy storage, are
nonpolluting.

—  Electric recharging stations (incorporating
storage to prevent overload on the local dis-
tribution system). The charging electricity
comes from generating stations that may be lo-
cated in a more appropriate place and be more
energy-efficient and less polluting overall.
Even the local recharging stations can incorpo-
rate energy storage to ensure efficient opera-
tion of the local distribution network.

—  Transit (incorporating regenerative braking to
load level at the local feeder). Another way to
reduce vehicle emissions is to greatly increase
the use of electric-transit systems. These
incorporate energy storage for efficient func-
tioning of the train and track. Storage buffers
the local distribution from a spiky load. Start-
ing traction is provided from storage, and
energy is conserved through regenerative
braking.

To accelerate the use of hydrogen as an energy
carrier, both within the utility sector and the trans-
portation sector, thus eliminating CO, emissions.
Hydrogen is a nonpolluting resource, both for util-
ity use and transportation. The development of a
hydrogen-based economy addresses directly the
problem of global warming. Hydrogen storage is
an essential component of a hydrogen-based econ-
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omy, since hydrogen is an energy carrier, just like
electricity. Hydrogen-based systems are also com-
patible with other types of storage that may have
lower cost or better operational features in some
situations.

Fluctuating Electricity Price
Scenario

In this scenario, the daily, weekly, or annual level of
energy and delivery prices of electricity become unpre-
dictable. Prices may rise or fall on average, but their
extreme variability is the only certainty in this scenario.

Such customer price variations occurred in the summer
of 1998 in the Midwest and Northeast. In some cases
the cost of spot electricity rose to near $10/kWh for
several hours. The debate continues over the real cause
and whether such variations in electricity prices are
healthy market indicators or a symptom of something
wrong with the market. We do not concern ourselves
here so much with their causes, but only with how such
wild variations might present opportunities for the
storage community.

If the fluctuations occur over a long time period (say 8
hours), storage will have a difficult time entering the
market because of other more competitive options.
Storage systems with long discharge durations and that
are used infrequently have poor economics. However,
if the fluctuations have a duration of an hour or less, the
market for storage could be substantial.

For central storage, utilities or energy brokers may
choose to install more short-term storage. Their goal
would be to serve this very high-value spot market
when it occurs.

To look at a specific example, let us assume 20 periods
of high price fluctuations per year, each one hour long,
and each valued at $10/kWh. This yields a gross
income of $200/kW-year. Since the premium is on
availability of the power rather than the efficiency of the
storage system in this market scenario, the storage
system efficiency becomes irrelevant. Even if the
energy to charge the storage system were bought at a
pessimistic rate of $.10/kWh and the storage system
round-trip efficiency were as low as 20%, the charging
energy would cost only $10/kW-year; this is negligible
with respect to income. Continuing with this hypotheti-
cal example, if the owner of this storage unit were to
finance it so that the length of the loan, interest rates,
etc., yielded a pessimistic 20%-per-year carrying charge

(most utilities currently would say 12%), the net
$190/kW-year income could support an installed cost of
one hour of storage of approximately $950/kW.

Of course there would be some O&M costs, but the
storage unit is cycled only 20 times per year. If the
price fluctuations were more frequent or even larger,
then roughly proportionately more could be paid for the
storage unit. In addition, if there are other more fre-
quent, lower-value price fluctuations, these might also
be served, adding to the gross income stream. Notice
that if several of the price peaks are occasionally
broader than one hour, there is no economic penalty to
the owner of the units, only a missed opportunity to
make even more money. This scenario could be very
interesting for the storage community.

Because of its high capacity costs and relatively low
energy costs, hydro-storage dams would probably not
be used unless it is just an increase in the peaking
capacity of such units. Such added water through-put
might cause water-flow excesses downstream, however.
Adding a boost capability to an existing CAES plant or
designing new CAES plants with a super-peaking
capability might be more favorable.

It would seem that the more modular, medium- to short-
duration storage technologies (batteries or SMES, for
example) might get the biggest market boost in this
scenario. They are familiar enough to their potential
owners, reliable, fairly simple, very modular, and suited
to meet these occasional peak-capacity needs.

Very short-duration storage technologies would have
very few additional benefits in this scenario unless the
price fluctuations occurred (and were assessed) within
very short time frames; this is very unlikely.

If a new technology could be designed specifically to
meet this scenario it would have moderate-to-low
capital cost, fair reliability, any efficiency (above 10%),
any reasonable variable operating costs, and low fixed
operating costs; unattended operation capability would
be helpful. Rapid response to discharge commands and
quick drain-down capability would be important, while
fast recharge rates would be unimportant.

Demanding Customer Scenario

In this scenario, customers become very demanding on
their suppliers of electricity. Under these conditions,
more options are wanted, better and/or tailored services
are requested, lower costs are demanded, or new load
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types are connected. As customers become accustomed
to being selective and demanding about cost and per-
formance from their energy providers, storage will
become an enabling technology for improving customer
service. The possible functions are described in this
section. They focus on reducing electric bills and
providing high quality-of-life service.

The customer sectors addressed in this scenario include

Commercial
Residential
Industrial
Agricultural
Community
Transportation

Some areas where energy storage may help serve these
customers are discussed below.

Power Quality and Reliable
(Continuous) Service

This is especially critical in manufacturing and process
industries with sensitive equipment and in establish-
ments where critical services are provided, such as
hospitals and hotels. Uninterruptible power and volt-
age-sag protection will be the dominant applications.

Many types of energy storage can address power quality
problems. The selection of one technology over an-
other and the potential market penetration (MWh
installed) depend almost entirely on the cost of the
technology in comparison to the value of reliable,
steady power. The value is often measured by the
financial loss incurred when a problem occurs. In
critical-care situations, the value is not measured in
financial loss, but rather by the cost of redundant
power-generation capability.  Beyond cost, some
distinguishing features are size, lifetime, and safety
considerations.

Reliable Supply in a Financially Driven
Market

In the more general sense, storage can be incorporated
to provide overall reliability in a business-oriented
market. Where power flows are dominated by financial
transactions, energy storage can provide a physical (and
psychological) hedge against breakdown in the delivery
system. Relatively large-scale systems may fill this

need for large transfers of power on a regional basis.
Advanced pumped hydro or CAES with fast response
capability or large-scale SMES would be ideal.

Direct Customer Cost Reduction
Through Customer Peak Shaving,
Where Demand Charges Apply

This can be significant for some customers in some
locations. Local storage can effectively cut local peaks.

Overall Reduction in the Cost of
Electricity Because of Efficient Use of
Resources

See the free-storage scenario (Very Inexpensive Effi-
cient Storage Scenario, page 4-1).

Remote Locations, Either at the End of
a Feeder or Compiletely off the Grid

Customers at the end of a radial feeder often suffer the
most problems because of outages or poor power
quality. Energy storage can eliminate or significantly
reduce these problems if installed at a customer site or
strategically along the feeder. Problems caused by
environmental factors (lightning, tree interferences, etc.)
can be damped. In some cases, storage combined with
high-speed transfer mechanisms can enable solutions
using dual feeders, or storage can eliminate the need for
dual feeders altogether.

Customers who are off the main grid can be supplied
using renewable sources coupled with storage. In many
instances, adding storage is a much better solution than
the use of diesel generators alone, since it is less intru-
sive to the environment, reduces the need for fuel, and
adds to the owner’s sense of self-reliance.

Enabling or Enhancing Transit System
Reliability and Effectiveness in
Urban/Suburban Corridors

Customers depend on reliable electric power to operate
transit systems for commuters. The functioning and
reliability of transit systems can be improved by using
energy storage in the interface with the local distribu-
tion network. The large transients that occur during
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acceleration and braking can be buffered, thus protect-
ing the distribution connection and also conserving
energy. Storage could be used to support the voltage on
long stretches of track, reducing voltage sags and train
stalling (as in the BART tubes under San Francisco
Bay).

Promoting Electric Vehicle Use and
Construction of Infrastructure

As certain geographic regions begin using electric
vehicles more, customers will expect local utilities to
support the infrastructure that makes the use of these
vehicles as convenient as conventionally fueled vehi-
cles. Energy storage can play a role in recharging
stations to prevent overload on the distribution system
during peak recharging periods (which may coincide
with other demand peaks).

Using Energy Storage to Enable and

Promote the Use of Electrotechnolo-

gies in the Industrial and Agricultural
Sectors

As utilities encourage their customers to convert com-
bustion-based processes to electrotechnologies for
cleanliness and efficiency, they may find increased roles
for energy storage to buffer those loads from being
disturbed by or causing disturbances on the local grid.

Synergies with Nanotechnologies

If micro- and nanotechnologies become important in
customer systems (for example, to allow much more
intimate process monitoring, finer controls, and even
nanomanipulation of flows or motions), such minute
components will either need to be

e Wired into a harness to provide it with motive
power,

e  Supplied with fuel in some way, or

e Powered with a nanostorage device (if such a
device could be remotely recharged).

Storage would seem to be at least as feasible as the
other two approaches if recharging can be accomplished
easily; this possibility seems to be worth further study.

Appendix A provides further information. It includes
the results of several brainstorming sessions on the
potential innovative uses of storage at customer sites.
Some of these applications require technology break-
throughs, but they illustrate the wide range of customer
uses that are possible.

Storage Packaging Breakthrough
Scenario

Two characteristics of energy storage that are often
considered are energy density (kWh/m’) and power
density (kW/m®). These parameters relate to the size of
a system and therefore the space required to house it. A
related parameter is footprint, or the floor area required.
Current technologies vary widely in these characteris-
tics. In addition, some technologies also require “aux-
iliary” space, such as a keep-out zone for the magnetic
field surrounding a SMES unit, or the safety contain-
ment for some flywheels.

Some current technologies also have scaling character-
istics that make them less attractive in smaller, modular
units. Economies of scale are an advantage for large
applications and a disadvantage for small applications.
In this scenario, we consider the use of energy storage
that s modular, has high energy and power density, and
has no environmental or safety constraints. A fictitious
example could be a storage “paint.”

If energy storage were more convenient (modular,
compact, safe, and environmentally benign), even if not
free and not 100% efficient, it could be used in all of
the circumstances that were described in the Very
Inexpensive and Efficient Storage Scenario for load
leveling, for transmission stabilization, or for providing
power quality.

For many applications (for example, large-scale load
leveling), space is not necessarily a concern, however,
and a new, more costly technology would not penetrate
there as much as if it were free. The likely place for
insertion would be on the smaller end of the scale
(substation, distribution, customer end use), where
space is limited.

A particularly exciting development would be for
innovative configurations to become available that
could easily fit within typical customer work or living
spaces. Some small-scale batteries are currently being
made to fit hand-held appliances. Batteries and
capacitors are the most likely technologies to be used
this way, since toroidal SMES and rotating flywheels
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inherently have circular features. In any case, develop-
ment in this direction encourages load leveling at the
customer end of the electric system, leading to constant
power flow throughout the rest of the system, as shown
previously in Figure 4-2(d). This minimizes the cost of
the delivery system overall.

Another innovation that could reduce system and
operating costs would be to eliminate wiring by charg-
ing storage components inductively. The technology to
do this has already been developed for the electric
vehicles industry. With such systems, home appliances,
factory machinery, street and other community lighting,
and many other types of electric equipment could be
operated from stored energy. Recharging would take
place on an optimal schedule.

Realistic economics would necessarily result in a lower
penetration rate (MWh installed) than an entirely free
storage scenario. Cost estimates might be made from
load data, power-quality data, and financial-loss data, in
conjunction with cost and efficiency data for the storage
technologies.

Gas and Electric Industry
Convergence Scenario

In this scenario, through a series of mergers and acqui-
sitions and because better gas-conversion technologies
arise, the gas and electric industries become nearly
indistinguishable. These dual-energy companies will
probably not care which form of energy they sell; they
are capable of converting natural gas into electricity
where and when it is needed, for example with on-site
generation. There are no business boundaries separat-
ing these two energy forms, only a question of maxi-
mum profitability and service quality (both gas and
electric).

Such a schematic is shown in Figure 4-3, where a
natural gas pipe and the wires are shown in a parallel
format. Depending on the economic details of the
conversion process of natural gas to electricity (primar-
ily heat rates and capital costs), the electricity can be
created where it would be most profitable.

Gas-Electric Tradeoff
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Figure 4-3. Gas-Electric Tradeoff.
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Here the combined company’s “wires” can easily
become redundant with gas pipes and vice versa.
Depending on the cost to serve each customer and on
local business regulations and practices, new and old
customers could be served by electric only, gas only, or
both (as is now the practice). If the company could be
more profitable selling gas and converting to electricity
at the point of use, this would be preferred.

This could lead to abandonment of wires in some cases
in favor of bringing only gas service to a customer. In
this scenario, electric energy storage will have shrinking
market opportunities, since gas is much less expensive
to store than electricity; it is also more efficient to store
natural gas than electricity. If local ordinances forbid
gas storage, however, on-site electricity storage may
still be desired in some applications. If gas service
reliability were to deteriorate, then electricity storage
would become more important.

In areas where natural gas becomes the preferred energy
delivery choice, only the very modular, very short-
duration storage technologies would have many appli-
cations, mostly in tandem with on-site generation units
to help short-term ride-through or power quality. In
areas without natural gas access, electric storage mar-
kets would be unaffected.

Energy Security Scenario

In this scenario, the electric and/or gas infrastructure
becomes fragile or is threatened with possible demoli-
tion. National action is needed to come up with alter-
natives to counteract this problem. Could storage
technologies play a large role in this situation?

Whether our energy delivery systems could become
weak or not, just the threat of their being damaged is a
real concern. No one is patrolling the transmission and
distribution systems continuously to make sure that they
are not tampered with. Many transmission systems are
especially at risk since they may carry the output of
several power plants and be hundreds of miles long. A
single break in a line could cause a major outage, as
evidenced in northern California in 1998. As this is
being written, the area around a major service center in
San Francisco is cordoned off because of the discovery
of hundreds of pounds of ammonium nitrate (and other
bomb-making materials and instructions) illegally
stored on site.

If only the electric system were at risk, the gas system
could be designed to provide substantial support
through local generation. Electric storage would have

very high value, but massive amounts of storage would
be needed to solve the major long-term outages that
might occur. This situation would be quite different
from having an electric system with naturally degraded
reliability, but most of the failures would be at the
generation and transmission level.

The very large distribution system would not be worth
the trouble to try to sabotage since very few customers
are affected by each distribution system failure. It
would seem that the amounts of storage needed to solve
these outages would be excessively expensive compared
to relying on local generation from the gas system. If
no local fuels are available, this is a very bad situation;
perhaps some storage could be added for emergency

services, but relying on storage in general seems un-
likely.

If both the gas and electric systems become weakened,
the mutual support of these energy delivery industries is
just as important, but now electric storage becomes
even more valuable. Perhaps a portable fleet of storage
units would help, but this seems unlikely because high-
energy-capacity storage is not easy to move. It also
seems that the storage industry might have a hard time
responding to market demand in this scenario. The best
hope might be simple home storage units rechargeable
from an automobile’s alternator, an unattractive alter-
native for many reasons such as safety, excessive
gasoline use, inefficiency, wear and tear, etc.

Distributed storage (storage placed throughout the
distribution system) would be a help during relatively
brief outages (several hours) occurring for any reason,
but despite their local nature, they could not be
recharged if the transmission and generation systems
were compromised for a longer period. Distributed
storage would play a major role during security-caused
outages in supplying emergency power to critical
individual loads for brief periods of time.

Extreme Deregulation and
Competition Scenario

In this scenario, regulators (state and/or federal) nearly
dissolve the utility monopoly for the wires in addition to
the open market for bulk electricity assumed in the Core
Scenario. The (former) utilities have little choice but to
run their businesses as non-monopolies, with a few
important exceptions still in the overwhelming public
interest such as lifeline rates and minimal reliability and
power-quality standards.
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Nearly every function the wires companies now serve
would be unbundied and priced at rates set by the
marketplace, rather than a commission. We would
expect to see customer-specific {or at least location-
specific) electric rates priced near or above the margin
to serve each customer (or location). Retail rates would
be offered in many different packages and forms to
meet customer needs: hourly spot prices, curtailable
rates, risk-free long-term rates, power-quality adjusted
rates, reliable service guarantee adjustments, group
discounts, green pricing, etc.

Such a scenario offers many new opportunities for
storage. On a retail level, customers may choose to use
storage to hedge against temporarily high spot electric-
ity prices, or to buffer sensitive equipment from poor
power-quality events. The degradation of service
quality, the lack of firm and uniform pricing, and locally

poor reliability will lead some customers to hire ESCOs
to solve many of their problems, sometimes with
storage solutions. Utilities more in tune with customer
needs may offer such storage-based solutions them-
selves.

States that encourage such severe competitive practices
will have to allow utilities discretion in the obligation to
serve in rate setting, in marginal costing, and in creative
sharing of risks and rewards with their customers.

Locational pricing will eliminate the averaging and
localized cross-subsidies now employed by utilities. If
locational pricing is coupled with near-real-time cost of
power, extremely sharp peaks in rates will occur fre-
quently, making storage a critically important and
valuable technology in this scenario.
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SCENARIO IMPLICATIONS FOR STORAGE
TECHNOLOGY DEVELOPMENT AND
MARKET OPPORTUNITIES

5. Scenario Implications for Storage Technology
Development and Market Opportunities

The scenarios described previously reveal some inter-
esting perspectives on how storage might be used in the
future as restructuring and storage technology break-
throughs unfold. Some of these ideas seem to suggest
new research directions for storage and a few electric
utility industry restructuring effects, which, if they
occur, would significantly impact storage applications
and markets. The themes below arise from the scenar-
i0s.

1. Storage is more likely to be installed at customer
sites than coupled to central power plants.

In almost all of the scenarios (including the Core
Scenario) storage appears to be more or much more
favorable (economic, cleaner, more valuable, etc.) the
closer to the customer it is installed.

¢ In the free-storage scenario, when all else is equal,
storage was located at the customer sites, allowing
base-loading of the wires and generation systems.

e Environmental benefits are maximized by cus-
tomer-sited storage because of reduced line losses
and cogeneration synergies.

e Customers have more flexibility in rates and
pricing with their own storage.

e  Reliability can be maximized with storage on site.

e Even the packaging scenario seems to allow for
more customer-owned storage applications.

e If customer sites are not feasible, the distribution
system is the next most likely and valuable location
for storage.

2.  An increased interest in environmental issues
would accelerate storage technology market entry in
many ways; the expanded use of storage is completely
consistent with cleaner energy systems.

If energy is to be conserved or if emissions are to be
reduced, storage could play a major supporting role.

e Storage installed anywhere in the system could
allow operation of central power plants at their
cleanest settings.

¢  Storage placed near loads would reduce line losses.

e Dispatch of renewable resources is easier with
storage.

e Cogeneration has a surprisingly beneficial synergy
with electric or thermal storage.

e  Customer uses of storage may accelerate the use of
cleaner electrotechnologies.

3. Packaging and ease of use (rather than efficiency
and energy density) are the key technology factors in
several major market opportunities.

Many potential applications at both utility and customer
sites are almost independent of round-trip efficiency.

e  ESCOs wishing to serve the rare but very valuable
fluctuating energy price peaks will care much more
about first cost and reliability than efficiency or re-
charge rates.

e  Customer uses of storage would expand if packag-
ing flexibility and recharging ease were improved
to the point that no wiring would be needed at all;
efficiency is a secondary effect compared to the
extra value of more dispersed controls with no
wiring needed.

e Storage synergies with micro- and
technologies may be worth exploring.

nano-

4. Regulatory structures that allow more freedom to
solve problems with innovative approaches would be
more likely to lead to increased uses of storage.

Current utility practice does not encourage departures
from the norm or partnerships with customers, both of
which are vitally important to storage implementation.

e Performance based rate-making encourages risk-
taking by rewarding successful cost reductions and
reliability improvements.
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Competition will push utilities closer to their
customers or the customers will find other
options/partners such as independent ESCOs.

Storage is an excellent way to improve local
reliability and power quality, both of which will be
important under PBR.

Marginal costing makes storage site targeting easier
and more cost-effective for utilities,

States that allow risk and reward sharing between
parties (such as between utilities and customers or
between utilities and ESCOs) could install more
storage.

On the other hand, storage may be less attractive than
might be imagined in the following two instances:

Gas-electric industry convergence will tend to
deemphasize many of the normal benefits of elec-
tricity storage. However, in regions not served by
natural gas, electricity storage will be a much more
valuable commodity, leading to possible niche
markets and soft market-entry points in those geo-
graphical areas.

e Storage may not be very helpful in the most likely
and severe energy security situations.

Storage researchers seeking new directions consistent
with the scenarios that were described should consider
the following:

¢ Emphasis on small, modular, and customer on-site
storage technologies.

¢ Innovative and flexible packaging schemes, adapt-
able to almost any shape, integrable with customer
appliances, micromotors, lighting systems, control
systems, etc.

¢ Inductive, rapid recharging systems for appliances.

e  Coupling micro- and nanostorage with micro- and
nanotechnologies.

e Developing storage technologies that are low in
efficiency but that have a low initial cost.
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6. Conclusion

This report has attempted to go “outside the box” by
assuming several extreme situations for the use of
energy storage in utility applications. The assumptions
that were made allowed us to explore the full range of
potential storage applications and describe electrical
systems that take maximum advantage of storage. This
work should encourage storage developers and potential

users to more closely examine near-term applications of
energy-storage technologies, expedite pathways to the
longer-term applications outlined in this report, and
accelerate the market development of the technologies.
Only time will tell which of these innovative storage
applications will become reality.
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APPENDIX A

Appendix A
Innovative Customer Uses of Storage

Customer Uses of Inexpensive,
Efficient Storage

The following lists were the product of several brain-
storming sessions on how storage at customer sites
might be used in innovative ways in the future.

Industrial

Micro-process control

Micro-robotics

Cogeneration output leveling/thermal versus electric
dynamic rebalancing

Ride through lasting hours

Power quality “farms”

Surge protection

Seasonal storage of electricity, especially for green uses
DC controllers, DC circuits

Lower frequency (10 hertz?) sources for special pur-
poses

Arbitrage?

Regenerative and dynamic braking of mechanical de-
vices

Avoid on-site liquid or gaseous fuel storage for backup
Or emergency purposes

Avoid n+1 engine running for ramp-up, backup

Uses during interruptible/curtailable periods offered by
utility

Sale to neighboring customers during outages

Sell local reliability “credits” (use to bolster local reli-
ability) to utility if utility is on the edge of a PBR reli-
ability chiff

Ditto for transmission access

Use in concert with distributed generation which may
be on the edge of an emissions constraint (say, 200
hours per year)

Dynamic tags on products being manufactured

Commercial

Several of the above

Carry-through to keep cash registers or other vital
hardware working

“Spare the air day” operation to avoid local or regional
emissions

Trend away from plug-in appliances toward recharge-
ables

Expanded acceptance of interruptible/curtailable peri-
ods offered by utility (packaged service by utility)
Whole building UPSs

Dynamic tagging of products

Residential

Pool pump scheduling during day, charge from grid at
night

Load leveling

Expanded acceptance of interruptible/curtailable peri-
ods offered by utility

Super safe wiring (disconnected from utility when not
in use)

Electromagnetic field (EMF) reductions by using more
DC wiring and appliances

EMF reductions by using DC electric blankets

Home renewables installations

Whole-home UPSs

DC homes

Combined electric vehicle recharging and home power
management hardware/software

Lighting (or other small, distributed energy consuming)
systems that are rechargeable; no wires? Inductive
charging? Ambient light charging with photovoltaic?
Laser-photovoltaic charging?

Microgrids

Other

Storage for all emergency buildings, facilities, situa-
tions

Portable medical devices, stimulators for healing, oxy-
gen production, etc.

Personal environment
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